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(54) A wireless adapter architecture for mobile computing 



' - -m s 3ss networking provides for 

- r " 1 msdia aeesss coni-oi anc * packet 
formats. Tha - - - . o norises a modem inter- 
d im lor transmitting data 
s.ig s to anc ceivmg data sicsnais ^ a another RF 



i <- -.ompi c< 

system interface circuit The computer system interface 
circuit provides an interface between a host computer 
system, the modern interiac t and the media ac- 
cess control circuit. 



FIG. 4 
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Description 

FiELD OF THE INVENTiOM 

nication , and more particularly to the fieid of packet com- 

< ' - " ^ " 

BACKGROUND OF THE INVENTION 

Advance r i 3 sc 

wireless communication and spuned the growth of vviie- 
tess. ? d - b ;omp " 5 systems This technol- 
ogy has enabled many new wireless services and sys- 
tems including wireless LANs Witness LANs are the 
first step towaia 1 - juhng e vironment. 
Several systems for mobile and wireless computing 
> ;ys err uses a small 
t nal wh ch then 
-twen* which contain the 
silicone i cwsths se s to pick up and use an 
t v 3 access to their en- 

- frva-red llnkfortrans- 

mttting and ■ e< c 

In office sue cetis that are connected to an installed 
backbone network. 

or smi ar to a 

tenminat device, and :s connected by a high speed RF 
s r •■ ~ d data. The I nf opad relies 

on the su-'o mdingneiwc z provide the intelligent re- 
3S a tcrmn - 1* 

' 1 reiiigence be- 

tween the do v', ^ , t v „t " of the compu- 
tation can be 00 - sing pov processing re- 
^ k instead of on the mo- 
bile system v 1 3 resources as 
wellasalirr' _ ^ N -s tyc c ,1 \ 
lize as much communications bandwidth as is available 
byadaptively 5 > f processing on the 
-ulcx (" v \ ^ ^ ^ , 1 system. 

v r. r " , - e 'ho nc 

bile system and utilizes the backbone network to access 
other devices on a pear to peer basis This approach is 
t.imi!i r to the ' ked t 

a >d s >uo x 

network having many mobiie systems associated with 

first sent So any one of several fixed hosts associated 
> s su^ ^ _1 " > " " Know where 

the mobiie system is. whic station the mobile sys- 
^ 11 is; communicaheg with, or - Oeiermine this by 
^ ' er „asc s+ations 
The WavelAN system is a wireless LAN system 
that a! 1 >ws \* " 5 > „ g E e jt n 

works v - ^ ^ ^ -< 

layer for several mobile computing systems. 

Wireless unteihered computing allows continual 



met nx - oth yorl sone 
ors and eo p re - 

ance rooms. The system should support several models 
of access, from terminate to intelligent mobile hosts in 
s order to support this model, mobile systems must be 
equipped with suitable wireiess interfaces, wireless 
base stations must be installed and the backbone net- 
work must be enhanced to support mobile users. Exist- 
ing wro 

as , -1 1 , - \ 

Although conslderabi. 39 ■>, been made 

with the use of wireiess technology and broadband net- 
works, many technical problems remained to be solved 
beJc e e v ' 1 > 3 t 

*5 tlmedia informati I v rd;ngf> there 

is a need to provide a flexible hardware architecture 
vh configurable v different protocols anddrTfer- 
ent radio modem control. 

20 SUMMARY OF THE INVENTION 

In accordance with the presort -s rue there 

provided a flextote adapts 3 stwc 

which provides 10 
ss and data packet formats. The flexible adapter comprises 

a modem interface circuit which controls an RF modem 

for transmitting data see- - <.<- s 

nals from another mode' 1 ' i x 

cuit; and a computer syste - erfa ; prcvlc 
so ing an interface between a host computer system, the 

modern Interface circuit, and the media access control 

circuit. 

In further enhancements of the present invention 
flexible adaoicr e 1 o r 

•ss - ' - c heron: RF modems 

and Is reconfigural'e m s 

in a stili f u 1 t,sen* <nven- 

tionf.exibeadactei fo t oi 

ter system interface circuit is reconfigurabie for different 
& host computer systems. 
- yet a ' 

tion flexibie adapter for wireless networking, the media 
access cortn - o'ereni me- 

dia access protocols. 

45 in futtie en a cements 0* the 

flexible adapio r ^ - mouem 

ierface circuit comprises a field programmable gate ar- 
ray and the computer system interface circuit comprises 
a field programmable 1 array. 

so Inst furfu < ncc ' 



rircuil which realizes for ware; orro; eorreeiiO! 
of data packets. 
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venison nay be d n consideration of the fol- 

lowing description in conjunction with the drawings in 
which: 



aiing and data transfer protocols. La 
20 in SWAN sends and receives all its 
base station 18 in its current cell 22. 



tly, a mobile unit 
raffic through the 



FIG. 1 is a bioek diagram of a network communica- 



n of a last nop in a wire 



' Xisao'o ATM wireless 
idapt a - c we template; 



a FAWN adapter archi- 



FIG. 5 Is a block :> y ^ < - a base station and mo- 
v , ^ a s A ft a x; 

FIG. 6 is a block diagram of embedded software on 
a wireless adapter. 

DETAILED DESCRIPTION OF VARIOUS 
ILLUSTRATIVE 

Although the present Invention is particularly well 
«\i i a * ^ -* " c , n tavrg a Vir- 
tual Channel Connection ATM extended to a wireless 
endpoint, and shall be described w 1 respect to this ap- 
^a. - ile > = i , r 

can beapplMc ' - - alion systems 

with a wireless ©ndpoint. 

Referring -now to FIG. i there is shown a high ievei 
1 - \ x v -x j adopted by 

the SWAN 'Seamless Wireless ATM Networking) mo- 



" Sell 



yles. A h 



together with ir 
multiplexing d; 



>f pic 



allow the transmission of packstized video to a mobile 
unit 20. Support for multimedia traffic over the wireless 
- - n , a n 

Adopting the connects \ v 

tuai Channel Connection over the wireless hop as well 
allows quality of servics j , < . sec -.tea with vir- 
tual -in x - M v. > 

so to be extended end-to-end. In essence, the use oJ end- 
to-end ATM allows the wireless resource to be mean- 
ingfully allocated an one 3C 3 % 1< 
over a wireless hop. 

Using ATM's V sua C tannel Co? r action model all 

s '- : the wa ' mobile ost 20, howeve ssuits 

in the need to continually reroute ATM Virtual Channel 
Connections as a mobile host 20 moves. The small ceil 
sizes and the presence of quality of service sensitive 
multimedia traffic make this problem particularly impor- 

30 tantin SWAN. Virtual Channel Connections carrying au- 
dio or video, as far as possible., need to be immune from 
disruptions as a mobile host 20 Is hands-ctf from one 
base station 18 to a neighboring one. Of course, ATM 
signaling protocol needs to accomplish the task of Vtr- 

35 tuai Channel Connect on re cut igw 

cy, and SWAN'S approach lo this p n ss b 
Virtual Channel Conne « edvt enp 

removal c3rc nob i f o„ ds Oi more 

particular interest is the fact tnat the lower level protocol 

*'0 layers dealing with wireless medium access must also 



l< of iians'o 



o base 



with ma 



tng a 



ed tn room- 
scttvity is continually 
sty of mobile hosts 



20 roam from one cell 22 to another. The mobile hosts 
20 lorn _ s , „ersequlpped 
with a suitable wireless adapter, to dumb wireless ter- 
minals that have a lurpose com- 
puting resources. All mobile hosts 20 In SWAN, howev- 
c pate r, network sign- 



sched to the base i 



bo viowoci a 
adapters on 



tions 18 by plugs 
one or more RF 
cell switching fut 
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a kernel -space-resident cell routing and adapter inter- 
face mode ^ ,3" connection 
manager signaling module 32. The use of PCs and 
workstations for base stations 18 allows them to act as 
wsrsd hcs>t 'as \ ci eatton processes 34. 
in essence base stations IS In SWAN are nothing but 
compute - * ^ = ■ i o*-\ - f 

At the other end ot toe wireless test hop 24 is the 
ess id-ieter 28, a 

connection signaling manager module 36, and a module 
ia ~ \( < mo 

b!!eir.i Aitho -ncbile u- 1 ' 20 may look 

like a bass station 18 with no wired adapter and only 
one wireless adaptor 28. this is not the complete truth. 

Ti o mobile unit 20 is dif- 
ferent - tor exampfo ;\ does not nave to provide a switch- 
like functionality - \i ~ ncbilo units 20 such as 
dumb terminals r . > ^ , -< , -o agents acting 
as sinks as a ^ - - r ^cseti to soft- 

ware processes. Howevc . r- i 

than a dumb terminal may run applications 40 as weft. 

C >s ci i i RF ATM adapter 28 of 

the rse static 18 5 \TM ipt£ of the mobile 
unit 20 and fhs=r interconnactfon by an air interface 
packet { ink c< I s fast hop 24. A stream 

of ATM ceils from the higher level ATM layers needs to 
bo transportiK j n 24 between a 

mobile unit 20 and its base station 18. The issues that 
need to be addressed So accomplish the transport of 
ATM ceils over the air can be classified into two catego- 

< \ \ - i C 1 

Following are some of the problems that fall under 
e v >f available bandwidth 

"» N - a^ong base 

stations (3) Regulation of access to a shared channel 
(4) Hand-of of - - or one base station f 8 to 
another. 

On she other hand, the following wireless hop prob- 
-i r < v xisof ATM;(1) 

V'-ppmqo? A"r\ -\ - < ' > a 

els (2) Forma) of air-interface packets (3) impact of ATM 
ceil loss due to noise and Interference sources unique 

channel interference, frequency collision etc., and (4) 
> < s -> ' > „ 

Channel Connections in the same channel. 

The answers to these id partially on 

the restrictions imposed by the hardware, and in partic- 
ular on the characteristics ot the radio transceiver. 

The wireless : "?>\ W.: - iri oundtneidea 
of a s v. -s arch *eeture, 

shown in FIG. 3, that interfaces to one or more digrtai- 

- v. v. s ^ ^ n ot 
a radio port interface 44, to a standard bus interface 48 
coupled to a standard data bus 48 on the other side, and 

as a sta f r 

providing field-programmable hardware resources 52 
and a software-programmable embedded compute en- 



git e r -r !c reali; e the net essary data processing. Mul- 
tiple implement;: 3d s could be 
made with differing form factor: different bus interfaces, 
and different radios, but all with the same core data 

s processing module. This provides a uniform mechanism 
for making dev \t utiy. The a & -yer co sld he 

configured for algorithms by reprogramming the embed- 
ded software, and by reconfiguring the field-program- 
mable hardware. System level board synthesis tools 

to with interface syr )ry ca 

pao'iities such"- s 
eusedtoeas tatic e basic ac 

er architecture for c 

Reis ig to FIC f, there is shown dock d jran 

<s ot a FAWN (Fiexsb-e Adapter for Wireless Networking) 
adapter architect e The FAWN sesaPCW 
CfA bus 58 to interface - c >mpu er 30 A 

laptop computer with a PCMCIA slot can become a mo- 
bile host by plugging in a FAWN card 58. 

2C The FAWN card 56 has a Ri SC processor 62, such 
as ARM 610 CPU, which is responsible for controlling 
the RF modem 64 and other peripherals through a pe- 
ripheral Interface 66. The FAWN card 58 is configured 
for use with the 2 4 v-}/ Ir c a ^ - : and Medical 

& (ISM) band frequency hopping spread spectrum trans- 
ceivers, althcao 

modified by reprogramming some components, which 
is well known to one u t i the art. The 

RISC processor 62 operates at 20 MHz and provides 
so sufficient processing capacity for performing the kernel, 
signaling and transport protocol functions. 

The communication between the RISC processor 
82 and the host computer 60, in a base station 18 or a 
mobile unit 20, utilizes a dual-port memory based inter- 
as face 68 over the PCMCIA interface 70. The Interface is 
Implemented with a Field Programmable Gate Array 
(FPGA). There are two access modes one mode ac- 
cesses any of the CPU's per r « lone 
as the interface must arbitrate for the FAWN CPU's in- 
40 -ernal bus. As each side of the duai port RAM 68 can be 
accessed at full speed by the host CPU and the FAWN 
CPU 62 the data transfers can occur at a maximum 
speed. 

The duai port RAM 68 provides a high speed inter- 
45 face between the host computer and the adapter card. 
The duai port RAM 68 is used id implement the queues 
necessary for communication between the host compu- 
ter 50 and FAWN, By using a RAM structure, as opposed 
to a FIFO strucfure : the implementation of arbitrary 
so queue structures with differing sizes end priorities is 
easy. When FAWN is used as an embedded controller, 
eommunicatici ' i ss and the high- 

er level processes still continues using the dual port 
RAM 68. allowing a standard interface to be presented 
ss to all applications, wherever they run. The duai pert 
RAM 68 provides support for semaphores to ensure that 
two identical be - ~-c at the same- 

time by the host and FAWN. 32* bytes of dual port RAM 
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68 are provided. The dual port RAM 68 also facilitates 
the conversion or the 32 bit word used by FAWN'S CPU 
to the 1 6 bit word needed by the PCMCIA interface. 

A modem controller 72 is implemented utilizing an- 
other FPGA and implements many of the low levei func- 
tions necessary to support wireless access protocols. 
The modem controller 72 includes a packet buffer and 
a hop controller. The packet buffer is 64bytes kmg and 
allows ths buffering of a complete ATM packet as well 
as c- is ncapsulat on and error control bits. 

- ^ nisfo^ r such buffers, 
5ceive. During a receiv< 
operation one of the two receive buffers slowly fills up, 
at N i.v : ".• ' -o* • > j'er is full an interrupt is 
generated so that ths CPU can empty the buffer all at 
once, meanwhile jffs gins to fill from the 

daia stream Di , _ ; h o CPU fills a 

transmit buffer then sets a bit toteii the modem controller 
72. that the buffer is ready to be sent. The buffer is then 
made available to the UART 74 at the data rate. Once 
the buffer has been sent the modem controller 72 gen- 
erates an into i i PU knows that the buffer- 
is now avallabia to be filled. Meanwhile ihe second 
transmit buffer can be sent. The provision of these buff- 
ers allows the CPU to be decoupled from the low levei 
byte bas x 

An RF modern 64, such as a 2.4 GHz FHSS (Fre- 
, - . eon provides a 

iogic level interlace tor data and control as well as an 

matog received - band pe 

mils 83 channels of i Wnt for frequency hopping. Cur- 
rently a GEC P c •> support 83 channels 
a! a 625 Kbits/so;; raw bandwidth arid < support a r 2 
Mbits/ssc bandwidth in another version. The modem's 
r feriac 3 permits s set >I1 of She 83 channels, the 
power levei, and 1 of 2 antennas. The modem 64 sup- 
plies a bit stream to a UAR 74 during receive and ac- 
cepts a bit stream during transmit. The UART 74 cm- 
-.''r-' 1 "^ i c N ( dem 64 to bytes during 
receive, stripping ths relevant synchronization bits and 
providing bytes r g FPGA (modem con- 
troller; 72. Dunne transmission tire UART 74 adds syn- 
chronization bits and feeds the bit stream to the modem 
64. The FPGA (modem oils > c r 54 

/ >r jackets of data oard romihe 

UART 74. This allows the UART 74 to asynchronously 
transmit and receive data without having to Interrupt the 
FAWN CPU 62. The FPGA 72 (modem controller) m- 
C das a esettabfe coun >c .* ; ai 1 Mi ? vvhscTi 
i oi for protocol and fask 
~ - > if'f (ADC) 76 
< c a -.i strength to 

be read by the FAWN CPU 62. A Control PAL 78 is con- 
; tsdvs v 56 The F AWN card 56 

i x ii des 4 K\ ] 
storage. 

Fot pa t «to r e ns natu e of the 

wireless hop in SWAN depends on the characteristics 



of ths particular radio transceiver that Is supported by 
the FAWN adapter 56. With respect to slow frequency 
hopping, the primary radio transceiver used in SWAN is 
the DE6003 radio from GEC Plessey. DSB003 is a hall- 

s duplex slow frequency hopping radio operating In the 
2.4 GHz ISM band ; and has ai data rate of 625 Kbps. 
Further, ihe radio has two power levels, and has two se- 
lectable radio antennas 82. Legal requirements dictate- 
that the radio must be operated in such a fashion that it 

to hop psdudo-rand< ast >offheS3a\ 

able 1 MHz wioe , „ \ ^ ^s 

MHz region such that no more than 0 4 seconds are 
spent in a stoi every 30 seconds. Communicating trans- 
ceivers hop according to a prs-dstermined pseudo-ram 

is dor i known to all o 

FIG. 5 shows i re of a typical 

base station in SWAN. A base station 1 8 consists oi mul- 
tiple wireless ATM adapter cards 28 plugged into its 
backplane with each care i Hipfe atiio 

so transceivers 42. Each radio transceiver 42 Is assigned 
a channel 90 ('frequency hooping sequence) that is dif- 
ferent from channels 90 assigned to a radio 42 In the 
current or neighboring base station IS. Typically, In 
SWAN, a base station 18 has fewer than 3-5 radios 42 

25 per base station 1 8, The preceding base station organ- 
ization results 

covered by multiple co-located channels. A mobile unit 
20 in a ceil 22 is assigned to one o? the radio ports on 
the base station 18, and frequency hops In synchrony 
so with it. 

Since earn, i n attic to the mobi e units 
20 is a major goal m SWAN, the two important drivers 
for the medium access control and physical layer control 
subsystem were low latency hand-alls and support for 

35 multipiesirnuftaneousc.hr t en cell 22. In 

addition, explicit allocation of wireless resources among 
ATM virtual chance: connections is crucial. Finally, at 
least in the mi me - nple- 

menlation was e y case, im- 

40 pigmenting algorithmic enhancements woe id be easy 
because the wireless adaprc ai.' s based on 

software and reconfigurable hardware. 

The definition of th< 
mapping of ATM ceils onto the air- Into if ace packets, de- 

45 pends on the f .± r ~ trait VAN 

ard sehai communications controller chip is used in the 
synchronous mode res. 1 n ih< known Synchro- 
nous Data Link Control (SDLC) protocol being used over 
the air. A SWAN transmitter sends SDLC frames sepa- 

so rated by the SDLC SYNC bytes, in order to reduce the 
interrupt overhead to ihe software, a physical layer con - 
troller drives the serial communications controller. The 
physic&i laye < s ca eo <r* 

cello or air-interface packets from the medium access 

ss control' layer, and stuffs them into the SDLC frame sent 
by the serial communications controller chip. The re- 
verse is true on the receiving end. The physical layer 
controller needs to be in hardware, and its current m- 
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plemenfaiion in the reconiigurable hardware part of the 
FAWN wireless adapter in SWAN is based on a design 
that uses fixed 84-byte sized (ink ceils. The higher level 
medium access control layer communicates with the 
physical layer in terms of these 64-byte link eaiis. $ 

Given the constraint of fixed - si/oci i K I 
the current schema uses the simple suboptimal strategy 
r r _e '> a r\ e< I 1 \ f 

, - > i . w r redum access 

- - ddition to the »0 
link cell that encapsulates an ATM csii. several other link 
ceils ate also denned lor signaling purposes. 

Consider the interface between ATM Connection 
1 el Module nor- 
rie ic set- - ■ m 

tipie ATM virtual channel connections going over a wire- 
less channel, the Medium Access Control module main- 
tains a lab e ^ f me Connection informa- 
tsnnei Cornecton needs to 
be opened, the connection manager module sends a re- 20 
-odaie ndlcating 

the bandwidth requirements; as She channel time 11 
needed by this Vidua: Channel Connection over a peri- 
od ol time 12. The Medium Access Control module uses 
this information to either accept or deny admission to as 

- mv, „ 1 , - - k - -^ner this band- 
width specific 1 by the Medium Access Con- 

1 ~c r oe ongtng 

to different Virtual Channel Connections. 

The implementation of the medium access control so 
" tc SWAN can be 
viewed as a three-way hardware-software co-design 
, task where ^ ' . 1 be 'implemented at one 

ol Ihree locations: as software on the base station CPU 
or the mobile anil CPU, as embedded software on the 3$ 
wireless ad- - ' ? ^ ^ ^ -<> nabL hardware 
on the wireless adapter In the case o! a dumb terminal 
with an embedded win-dees adapter, there is no CPU in 
fhe terminal, so tdai the entire ' cnahty is on the 

■ ci ren implementation, *o 

- - . - c imp emerted on the field 
programmable hardware on the wireless adapter, the 
Medium Access Control is implemented as software on 

u - - --^ ' m e &~V connection manager 
t i 5kp "o as software either 

1 it terming 

The organisation of the software embedded on the 
wireless adapts sshov, 1 FIG. 8. The software is or- 

> - - 1 cmrie state ma- so 
chines corresponding to the Medium Access Control 
"v - ^ "> ^ ■> -1 mpiemented as FSMs 
- 1 ~ ng 1 t it jpt 1 i is m s one such FSM 
94 tar each radio port These can be viewed as very high 
priority reads r \ urn - s Centre FSMs 94 55 

^ciSethat' is e se 
mode and handles queue management and dispatching 
of ATM ceiis to this Medium Access Control FSMs 94 on 



one side, and to other threads or to the base station/ 
mobile unit CPU on fhe other side. The inter-thread com- 
mu tication Is do u rs -8 w th the 

ATM ceils then tored ir cor emory 

area. It is worth pointing cut that in the case of dumb 
terminals with no CPU of their own, the ATM connection 
manager 100 and the threads ithat source or sink ATM 
cells are also run on the embedded CPU {an ARM610 
processor} on the wireless adapter. An IRQ Handler 102 
processes ntsrr , a to a queue sta- 

tus change 

The FAWN c a very ?x architecture 
*vh ch ' vstl e 5 ;mc de cetobe .mo • both >> ss 
stations and modile stations. The FAWN card supports 
high speed interfaces from the host machine to the 
adapter card using the DPR. Because the FPGA han- 
dles the byte level communication operations and only 
presents the CPU with compiete packets fhe CPU can 
be left to run MAC level nods arid sail have enough ca- 
pacity to execute embedded application programs. The 
MAC and handoff d^sor . ^ l ■> -derrup? driven 
ADC and the real time clock which are available on the 
card. The processor on She card is responsible for all the 
low level ope c - t t - -> \. 

over the PCMCIA interface which in turn simplifies the 
software that has to o c 1 hos 
increases the ease with which the system can he Inte- 
grated with new hosts 

Numerous modiflc 1 lative embodi- 

ments of the invention will be apparent to those skilled 
in the art in vie ' • r jtton Accord- 

ingly, this description Is to be construed as illustrative 
only and is for the purpose of teaching those skilled in 
the art the best mode of carrying out the invention. De - 
tails of the structure may - 1 - , > H ho 
departing from the spirit of the invention and the exclu- 
1 j re within the 

on - ~ 1= eserved. 



Claims 

1. A flexible adapter for wireless networking com- 
prising: 

at least one modem Interface for controlling an 
RF modem for transmitting data signals So and 
recei ^ , - / - xRFmoaem; 

a computing ciicuif wherein sale computing cir- 
cuit controls a media access control process for 
data packets of a reconf igurabie predetermined 
format: and 

a computer system interface circuit for provid- 
ing an interface between a host computet sys- 
tem, said compt < iid modem in- 
terface. 

2. A flexible adapter for wifeless networking corn- 
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. ^ one modem interface for c - c c an 
RF modem for transmitting data signals to and 

;e ;g - f ; v vro~ . \' 2 modem; s 
a computing circuit wherein said computing cir- 
cuit controls a madia access control process for 
data packets ci a reconfigurable j r j 

i come sy; n interface clrcuft for provid- ?o 
lac; an Interface between a host computer sys- 
e i s, id or -i v 'Md ^ooer in 

a bus coupling said moden nterf; - 
computer system interface circuit. ?5 

3, An wireless network adapter comprising: 

at least one modsm intsdace circuit wherein 

said modem interface circuit controls an RF 20 

modem for transmitting data signals to another 

modem md t 

another modem 

a media access control circuit; 

a computer system interlace circuit for provid- ss 

: - vnvoen a host computer sys- 
tem, said modem sntedaco circuit, and said me- 
dia access control circuit 

4, The adapter as recited In claim 1 or 2 wherein so 
saidcompu x oward error correc- 



said modem Interlace further comprises two data 
receive buffers for said data packets. 

11. The adapter as recited in claim 1 or 2 wherein 
said compu 1 : o!s said media access 

control process for ATM data packets. 



12. The apapter as rec 
modem interface circus; 
ant RF modems. 



•t ciairn 3 wherein said 
configurable for differ- 



13. The adapter as recited in claim 3 wherein said 
modem inte gurabie for differ 
ent data formats. 

14. The adapter as recited in claim 3 wheicif? said 
computer system interface circuit :s jconfig 

for different host computer systems. 

15. The - : 

media ace > - i c ' i 
ferent media access protocols. 

16. The adaptor as recited in claim 3 wherein said 
media access conttroi circuit comprises a micro- 
processor computer circuit. 

17. The adapter as recited In claim 3 wherein said 
media access con*! ci c v rea es forward ©dor 
correction of data packets. 



S } ho adapt 3r< - iim1.2cr3 wherein 

said: computer —me sesa 3$ 

PCMCIA r 



S ? lS c >c „ 
said computim. - > v • r crmat comprises 



c \ 1 ,c ^, u; m 3 " ' 3 wherein 
said modem interface comprises a field program- 
mable gate array. 

45 

" The adapt;:- as recited in claim 1 , 2 or 3 wherein 
said computer system interface circuit comprises a 
field programmable gam array. 

8. The adapter as recited in claim 1 or 2 wherein 50 
said computing circuit comprises a RISC computer 



9. The adapter as recited in claim 1 , 2 or 3 wherein 
said modem Inmnaoe timber corner -.c two data ss 
t insml? 0 i sasd data packs 



1 0. The adapter as recited in claim 1 ; 2 or 3 wherein 
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